Abstract This study's purpose was to identify psychosocial predictors of weight loss maintenance in a multi-site clinical trial, following a group-based weight loss program. Participants (N = 1025) were predominately women (63 %) and 38 % were Black (mean age = 55.6 years; SD = 8.7). At 12 months, higher SF-36 mental health composite scores were associated with less weight regain (p \ .01). For Black participants, an interaction existed between race and friends' encouragement for exercise, where higher exercise encouragement was related to more weight regain (p \ .05). At 30 months, friends' encouragement for healthy eating was associated with more weight regain (p \ .05), whereas higher SF-36 mental health composite scores were related to less weight regain (p \ .0001). Perceived stress and select healthrelated quality of life indices were associated with weight regain; this relationship varied across gender, race, and treatment conditions. Temporal changes in these variables should be investigated for their impact on weight maintenance.
Introduction
Many weight loss programs are successful in helping people achieve weight loss (e.g., West et al., 2007 West et al., , 2008 ; however, maintenance of weight loss is challenging (Barte et al., 2010; Turk et al., 2009) . A limited number of published weight loss management programs have included a long-term weight loss maintenance component; however, this has usually been in the form of extended treatment rather than a new program focusing on specific weight loss maintenance strategies (Perri et al., 1989) . Perri and colleagues (1989) found that the longer participants are in treatment, the longer they will comply with weight loss behaviors. However, as soon as the extended treatment is stopped, the participants begin to regain their weight (Perri et al., 1989) , indicating that weight loss maintenance strategies may be necessary to aid individuals in shifting from guided weight loss to more self-directed maintenance.
To date, few studies have examined outcomes related to different types of weight loss maintenance strategies. Research suggests that strategies for weight loss maintenance differ from strategies for initial weight loss (see Perri et al., 1984; Sciamanna et al., 2011; Wadden et al., 2011) .
Other research has applied the Transtheoretical Model (Prochaska & Velicer, 1997) to weight loss maintenance; however, the focus was on individuals' readiness to maintain weight (e.g., Johnson et al., 2008) and did not account for the potential importance of other psychosocial variables, such as perceived stress and social support (Perri et al., 1984; Sciamanna et al., 2011; Wadden et al., 2011) .
Psychosocial variables would likely be important in predicating success of weight loss maintenance (Byrne, 2002; Wing & Hill, 2001) , an enterprise dependent on human motivation (Williams et al., 1996) . However, previously published studies on predictors of weight loss maintenance have mostly focused on behavioral, physiological, and process variables (i.e., food/fitness records, self-weighing, attendance), rather than psychosocial variables (e.g., perceived stress, social support) associated with weight regain (e.g., Perri et al., 1984; Sciamanna et al., 2011; Wadden et al., 2011) . Further, Delahanty and colleagues (2013) recently noted that few studies have been published examining the role of psychosocial and behavioral variables as they related to weight loss and subsequent weight maintenance. To the authors' knowledge, only four studies have examined psychosocial factors associated with weight regain following behavioral weight loss and weight maintenance interventions (Delahanty et al., 2013; Liebbrand & Fitcher, 2002; Vieira et al., 2012; Wing et al., 2008) . In the first study, participants completed a 10-week, group-based, inpatient cognitive behavioral weight loss intervention followed by randomization to 18 months of either ''supported maintenance'' or follow-up without support (Liebbrand & Fitcher, 2002) . Of all the variables of interest [i.e., depression, general psychopathology, quality of life, body image, dietary restraint, disinhibition, hunger, eating disorder symptoms, body mass index (BMI), all assessed at baseline], only baseline BMI significantly predicted weight loss at 18 months (Liebbrand & Fitcher, 2002) . Wing and colleagues (2008) reported results from STOP Regain, an 18-month randomized controlled trial comparing weight regain in a face-to-face or an Internet intervention to a control condition. Participants (N = 261) were mostly non-Latino White and women. In this trial, there were no significant baseline predictors of weight regain; however, changes in several psychological variables were related to weight regain during maintenance including increases in depressive symptoms, dietary hunger, and disinhibition.
Vieira and colleagues (2012) compared health-related quality of life, psychological well-being, and self-regulation of eating among predominately non-Latino White women who had previously lost weight were categorized as weight loss maintainers (individuals who had intentionally lost C5 kg in the last 15 years as adults and had kept this weight off for C1 year), weight loss treatment (those who had just completed a 12-month weight loss program focused on increased physical activity, as well as improved dietary behaviors, body image, and self-regulation of weight control), or not attempting weight loss. Women in the weight loss maintainers group averaged a 14.7 kg weight loss which had been kept off for an average of 2.5 years. Women in the weight loss treatment group had lost an average of 6.1 kg of body weight at the termination of the weight loss program. Results revealed that maintainers had lower physical health-related quality of life and higher eating disinhibition and perceived hunger compared to women actively engaging in weight loss group. However, compared to women not attempting to lose weight, maintainers had higher physical health-related quality of life; lower eating disinhibition and perceived hunger; and higher exercise enjoyment and perceived competence (Vieira et al., 2012) .
Most recently, Delahanty et al. (2013) examined the behavioral and psychosocial variables (N = 269) associated with an achievement of 7 % weight loss following a 16-week lifestyle intervention among those high at risk for the development of diabetes. Defined as 2.8 years (range 1.8-4.6 years) post-intervention (Diabetes Prevention Program Research Group, 2002) , long-term weight maintenance of 7 % weight loss was positively associated with older age, fewer previous weight loss attempts, increased exercise self-efficacy, decreased selection of high-fat foods, increased dietary restraint, and lower baseline activity levels.
Prior research indicates that Black women tend to lose less weight during the intensive weight loss phase of a behavioral weight loss program and maintain a lower percent of their weight loss compared to non-Latino White women (Fabricatore et al., 2009; Kumanyika et al., 2002 Kumanyika et al., , 1991 Rickel et al., 2011; Stevens et al., 2001; West et al., 2007 West et al., , 2008 . However, participants in two of the four studies examining psychosocial variables related to weight maintenance were almost exclusively non-Latino White. Given the differences in weight loss and weight maintenance (e.g., Perri et al., 1989) , it is of particular interest to examine potential differences in psychosocial predictors of weight maintenance and the potential impact of race on these psychosocial predictors.
The Weight Loss Maintenance intervention was guided by the following: Social Cognitive Theory (Bandura, 1986) , behavioral self-management techniques (Watson et al., 1989) , the Transtheoretical Model/Stages of Change (Prochaska & DiClemente, 1983) , and motivational enhancement approaches (Bock et al., 2001; Miller & Rollnick, 1991; Rollnick, Mason, & Butler, 1999) . These approaches emphasize the importance of an individual's ability to regulate his or her own behavior through goal setting, developing specific behavior change plans, monitoring progress towards the goals, and developing and implementing the skills necessary to reach the goals. Selfefficacy (an individual's confidence in performing a particular behavior) and outcome expectancies (an individual's outcome expectations of performing a particular behavior) are critical mediators of behavior change (Bandura, 1986; Bandura & Adams, 1977) . The Transtheoretical Model recognizes that behavior change is a dynamic process of moving through different motivational stages of readiness for change (Prochaska & DiClemente, 1983) . During the program different behavioral strategies were emphasized, depending on the individual's stage of change. These secondary analyses are limited by the existing data and cannot evaluate any single theoretic frame work in its entirety. However, the current study examined constructs believed to be related to the guiding approaches. Specifically, social support may be related to an individual's ability to progress through the Transtheoretical Model; functional and perceived quality of life may be related to outcome expectancies; and depressive symptoms and stress may be related to the ability to engage in goal setting and skill building.
Hypotheses in the present study were based on: (1) previous research; (2) constructs associated with the Social Cognitive Theory, behavioral self-management, the Transtheoretical Model, and motivational enhancement approaches; and (3) findings from behavioral weight loss interventions (Eflhag & Rossner, 2005; Teixeira et al., 2002) . It was hypothesized that psychosocial variables, assessed at Phase II randomization, such as social support, higher functional and perceived quality of life, lower depressive symptoms, and lower perceived stress would be associated with improved weight loss maintenance or less weight regain following a 30-month weight loss maintenance intervention. Differences based on gender, race, and treatment condition were also investigated.
Method
Weight Loss Maintenance was a randomized controlled trial consisting of two phases (see Brantley et al., 2008; Hollis et al., 2008; Svetkey et al., 2008 , as well as the primary outcomes (Svetkey et al., 2008) and another predictor study focusing on race and gender of participants (Svetkey et al., 2012) . Briefly, the overall findings revealed that there were no differences in weight regain between the Interactive Technology and Self-Directed groups at 30 months; however, the Personal Contact group had regained less weight at 30 months compared to both those in the Self-Directed group and those in the Interactive Technology group. At both 18 and 24 months after randomization, those in the Interactive Technology group regained less weight than those in the Self-Directed group.
Eligibility
Eligible participants were either overweight or obese (BMI between 25 to 45 kg/m 2 ) adults (age C 25 years) who were currently taking medication for hypertension and/or dyslipidemia, but not for the management of diabetes. Those without telephone or Internet access were excluded. Eligible participants were enrolled into Phase I, and those who were able to lose C4 kg during Phase I were randomized to Phase II to ensure no initial group differences, which is described in detail below (see Fig. 1 for a flowchart). A more complete description of the eligibility criteria can be found in the Brantley et al. (2008) article and on the Weight Loss Maintenance study website (www.kpchr.org/ wlmpublic). This website also provides the study's manual of procedures, and details the protocol for each of the intervention components.
Intervention

Weight loss program (phase I)
Phase I participants (N = 1685) who were enrolled in a 6-month group-based weight loss program attended 20 weekly sessions. Sessions lasted approximately 1.5 h in duration with 18-25 participants per group. Participants were encouraged to follow the high-fiber and low-fat Dietary Approaches to Stop Hypertension diet guidelines which have been shown to lower blood pressure (Appel et al., 1997) . Participants were also encouraged to engage in C180 min of physical activity per week. The weight loss program provided social support and taught participants problem solving, decision-making, and goal setting skills .
Weight loss maintenance intervention (phase II)
Participants who lost C4 kg during the initial weight loss program and were then randomly assigned to 1 of 3 maintenance conditions: Self-Directed comparison with minimal intervention; Interactive Technology, in which participants were given unlimited access to an interactive weight loss maintenance website; or Personal Contact, in which participants received monthly, personalized telephone contact and quarterly, face-to-face contact from a study interventionist. Participants were provided with modest incentives for attending their clinical assessment visits at 12 and 30 months to bolster retention to the study's primary outcomes. All incentives were approved by each of the institutions' Institutional Review Boards. During the maintenance phase (Phase II), participants' diet and physical activity goals were identical to those in Phase I; however, they were asked to increase their weekly physical activity by 45 min, for a total of C225 min each week. Personal Contact and Interactive Technology conditions provided the same content and differed only in mode of presentation (i.e., in-person and internet-based, respectively). Strategies utilized in the interventions (e.g., self-monitoring, social support, frequent patient-therapist contact, relapse prevention) were based on previous research related to long-term weight loss maintenance (Wadden et al., 2004) . Conversely, those in the SelfDirected condition received printed lifestyle guidelines and met briefly with a study interventionist after the 12-and 30-month follow-up visits only to discuss their participation in the study. Participants in the Interactive Technology group logged on to the website an average of once a week, and had contact with the website for 77 % of the 30 months during the maintenance phase (Svetkey et al., 2008) . Indicative of interaction with the website, a study examining one of the 27 available interactive website tools (i.e., the Tailored Self-Assessment tool assisted participants with developing a personalized action plan based on their current progress and make choices about future weight management actions) found that Interactive Technology participants were highly engaged in the website (Funk et al., 2010) . Participants completed this interactive tool a total of 800 times; 53 % utilized this tool at least once, and of those that utilized the tool at least once, 72 % completed the tool more than once. Similarly, previously published results indicated that the average number of contacts for individuals randomized to the Personal Contact group completed 91 % of the intervention contacts specified in the protocol (Svetkey et al., 2008) .
Measures
Self-report measures were completed upon entry into the Weight Loss Maintenance study (prior to Phase I) and again at randomization into Phase II. The measures reported in this paper are those collected at randomization into Phase II. Social support and exercise survey (Sallis et al., 1987) This 13-item self-report measure assesses perceived receipt of social support for exercise. Participants report how often their friends or family members (separately rated) encouraged their exercise behaviors during the previous 3 months. Responses are on a 5-point Likert-type scale (ranging from 1 = ''none'' to 5 = ''very often,'' or ''does not apply''). Responses to two negatively worded items are reversed and responses are summed, yielding two separate scores for friends-encouragement and family-encouragement. Scores range from 13 to 65 (for family and friends), with higher scores reflective of higher encouragement for exercise. This measure has demonstrated adequate internal consistency (a = .76-.84; Sallis et al., 1987) . In this study, the internal consistency for the Social Support and Exercise Survey was excellent (a = .97 for both Family and Friend support, respectively).
Social support and eating habits survey (Sallis et al., 1987) This 10-item scale was supplemented with additional items specific to individuals actively losing weight, yielding a total of 18 items. Following Sallis et al. (1987) , separate ratings for friends and family were obtained. Participants are asked to report how often their friends and family provided encouragement or discouragement for healthy eating during the last 3 months. Responses were recorded using a 5-point Likert-type scale (ranging from 1 = ''none'' to 5 = ''very often,'' or ''does not apply''). A total of 9 items are positively worded (encouragement) and the remaining 9 items are negatively worded (discouragement). For the adapted 18-item scale, scores range from 9 to 45 for encouragement for healthy eating habits (family and friends' encouragement scored separately; higher scores reflective of more encouragement) and 9-45 for discouragement for healthy eating habits (family and friends' discouragement scored separately; higher scores reflective of more discouragement). Adequate internal consistency has been demonstrated (a = .84-a = .85) for the 10-item Sallis et al. (1987) measure. In the current sample, the internal consistency for the Social Support and Eating Habits Survey was excellent, a = .93, .92, .91, and .89 for family encouragement, family discouragement, friends encouragement, and friends discouragement, respectively.
SF-36
TM (Ware & Sherbourne, 1992) This 36-item self-report measure assessed health-related quality of life. The SF-36 is a generic (rather than diseasespecific) measure appropriate for the general population. Norms-based scoring yields two composite scales (i.e., physical health component summary, mental health component summary) and eight subscales [i.e., physical functioning (10 items); limitations due to physical problems (4 items); pain (2 items); general health (5 items); vitality (4 items); social functioning (2 items); limitations due to emotional problems (3 items); and, mental health (5 items)] related to functional health and well-being. One item indicative of change in health is also included on the scale. Participants respond to questions formatted on a Likerttype scale, with higher scores reflecting better health.
Excellent internal consistency has been demonstrated on the two composite scales (a = .90; Ware et al., 1994) , and the eight subscales have displayed adequate internal consistency (a = .80; McHorney et al., 1994; Ware et al., 1993) . The internal consistency for the total SF-36 scale in this study was good (a = .83), and the component summaries were acceptable (physical component summary, a = .73; mental component summary, a = .77).
Patient Health Questionnaire Depression Scale (Kroenke & Spitzer, 2002) The Patient Heath Questionnaire Depression Scale, a selfadministered patient questionnaire, includes 8 of the 9 criteria for Major Depressive Disorder (suicidality is omitted; American Psychiatric Association, 2000).
Responses provide an estimate of impairment severity and are helpful in guiding further assessment and treatment. Participants respond to questions using a Likert-type scale, ranging from ''not at all'' (0) to ''nearly every day'' (3), and these are summed to obtain a total depression score. Scores can range from 0 to 24, with higher scores reflecting more depression symptoms. Rohyans and Pressler (2009) reported adequate internal consistency (a = .83). Likewise, the internal consistency for the current study was good (a = .83).
Perceived Stress Scale (Cohen et al., 1983) To decrease potential participant burden, a 4 item subset of this 14-item self-report measure assesses perceived global stress within the previous month. The response format is a 5-point Likert-type scale (0 = ''never'' to 5 = ''very often''). Scores range from 0 to 20, where higher scores indicate a higher level of perceived stress. Good internal consistency and test-retest reliability (a = .85) have been established for the overall Perceived Stress Scale (Cohen et al., 1983 ). For the current study, the internal consistency for the 4-item subset was questionable (a = .62).
Statistical analyses
All statistical analyses were conducted using SAS Ò , version 9.1 (SAS Institute Inc., Cary, NC) and results were considered significant at p \ .05. Five copies of complete data were created using multiple imputation (SAS Ò PROC MI data augmentation with MCMC sampling) before any analyses were carried out on outcomes (Schafer, 1997) . The PROC MIANALYZE procedure was performed due to missing data. Specifically, at 12 months after randomization, 18, 15, and 14 individuals did not attend the SelfDirected, Interactive Technology, and Personal Contact follow-up, respectively. At 30 months after randomization, 21, 24, and 20 individuals did not attend the Self-Directed, Interactive Technology, and Personal Contact follow-up, respectively. A total of 3 individuals died (1 from each intervention arm; Fig. 1 ). The outcome measure was weight change (follow-up minus baseline, so weight regain was positive). Linear interpolation was used to correct for missing item responses for each of the self-reported measures if less than half of the responses were missing.
Descriptive analyses and bivariate associations
Means, standard deviations, and frequencies were performed for all included predictor variables. Pearson or Spearman correlation coefficients (where appropriate) were obtained to examine pair-wise associations of the potential predictor variables (SF-36 composite scales and subscales, social support and exercise, social support and eating habits, perceived stress, depression, race, sex, randomization weight, and treatment group). Regression models were run separately for weight change outcomes at 12 and 30 months, first examining which psychosocial predictors had direct associations with weight change, and second examining whether introducing interactions with race, sex, or treatment would reveal more complex associations. Treatment was included as a potential interaction because differences in weight regain between groups occurred (Svetkey et al., 2008) . Following selection of the final model, the identical analysis was carried out on all 5 copies of the imputed dataset and the estimates of regression parameters, with F-tests of each effect combined according to Rubin's rules (Rubin, 1987) .
Main analyses
After the significant predictors were identified, an exploration of whether interactions existed across race and/or sex and/or treatment subgroups in the association between covariate and weight change was conducted using backward stepwise elimination. Potential interactions of race and/or sex and/or treatment subgroups were explored due to the known differences in psychosocial factors between races and men and women (Wang & Chen, 2011) . Terms were retained in the model if the change in R 2 was a \ .02. In addition, steps were constrained to account for the hierarchy of terms. In order to examine the pattern of associations (predictor with weight) underlying the interaction, predicted values [least squares means (LS-means)] for the outcome were obtained at high and low values (10th and 90th decile) of each covariate in each subgroup involved in an interaction (e.g., both sexes, when there is an interaction with sex). The LS-means were tested at the high or low level of the covariate to determine whether they differed between all meaningful pairs of groups involved in the interaction.
Results
Participant characteristics
Of the 1,685 participants who completed Phase I, 1032 (61 %) lost C4 kg, and were randomized to Phase II. At randomization, 1,027 of the 1,032 participants provided complete psychosocial data. Of the five participants lost to follow-up, three of the participants died and two failed to provide complete and analyzable responses on the social support scales. Two additional participants were identified as outliers (according to Tukey's criterion) at both 12 and 30 months (Tukey, 1977) , and were dropped from analyses, yielding a final sample of 1,025.
The 1025 randomized participants were predominantly women (63 %) and had a mean age of 55.6 years (SD = 8.7). Approximately 38 % of the participants were Black, 61 % were non-Latino White, and 1 % were Hispanic. The mean initial (Phase I) weight loss was 8.5 kg (range from 4.0 to 30.3 kg). During Phase II, all treatment conditions showed a mean weight regain of weight lost during Phase I (Self-Directed = 5.5 kg, Interactive Technology = 5.2 kg, Personal Contact = 4.2 kg; see Svetkey et al., 2008) . However, mean weight at 30 months remained significantly lower than their mean weight at entry into Phase I (see Svetkey et al., 2008) . Table 1 provides more detailed information regarding participant characteristics.
Descriptive analyses and bivariate associations
Follow-up data collection was conducted at both 12 and 30 months; results from the calculated correlation coefficients (not presented) revealed that the SF-36 subscales of bodily pain, mental health, physical functioning, limita-tions due to emotional problems, and limitations due to physical problems were redundant with either the mental health composite or physical health composite score of the SF-36, and were dropped from further analyses. The backward stepwise regression performed on weight change (not presented) indicated that participants with a higher SF-36 Mental Health Composite score at randomization were also more successful with weight loss maintenance at both 12 months (p \ .01) and at 30 months (p \ .0001). Higher perceptions of friends' encouragement for healthy eating was associated with more weight regain (p \ .05) at 30 months after randomization; this was not present at 12 months. No other psychosocial variables were significantly related to weight loss at 12 or 30 months.
Main analyses
Interactions: weight change from randomization to 12 months
The interaction model at 12 months (R 2 = 0.052) retained three measures of social support (family discouragement (40) 131 (38) 130 (38) 395 (39) College degree 205 (61) 215 (62) 210 (62) 630 (62) Household Income/Year \$60,000 149 (44) 135 (39) 154 (45) 438 (43) [$60,000
190 (56) 211 (61) 186 (55) 587 (57) SD Self-Directed Group, IT Interactive Technology Group, PC Personal Contact Group J Behav Med (2014) 37:1155-1168 1161 for healthy eating; friends' discouragement for healthy eating; friends' encouragement for exercise) in addition to the SF-36 (Table 2) . One significant interaction between race and friends' encouragement for exercise (p \ .05) was detected. For Black participants, as friends' encouragement for exercise increased, weight regain at 12 months also significantly increased (Fig. 2) . Friends' support for exercise was not related to non-Blacks' ability to maintain weight loss. The difference between groups (Blacks vs. non-Blacks) was not significant at either the 10 th or the 90 th deciles on exercise support (p [ .05).
Interactions: weight change from randomization to 30 months
The interaction model (R 2 = 0.091) for weight change at 30 months included three measures from the SF-36 (i.e., mental health composite, physical health composite, vitality), all interacting with race (Table 3) .
Results indicated a significant interaction between race and self-reported mental health (SF-36 Mental Health Composite) on weight regain at 30 months (p \ .01). Specifically, non-Black participants with the lowest scores on the mental health composite were more likely to regain weight than Black participants with similar scores (Fig. 3a) . This is illustrated by the significant difference between groups on weight change at the 10th decile on SF-36 Mental Health Composite scores (p \ .0001), as higher mental health composite scores were not related to weight change in either group. Thus, the groups were similar at higher levels on the mental health composite.
A significant interaction was detected between race and SF-36 Physical Health Composite scores on weight regain at 30 months (p \ .05). Lower perceived physical functioning was related to significantly more weight regain at 30 months for non-Black than for Black participants (p \ .001), but this difference was not apparent at higher scores; non-Blacks and Blacks did not differ on weight regain at higher physical functioning levels (Fig. 3b) . Race and the SF-36 Vitality subscale also significantly interacted (p \ .01). Higher vitality subscale scores were associated with significantly less weight regain at 30 months among Blacks than the non-Blacks (p \ .001); this was not apparent at lower vitality scores (Fig. 3c) .
There was a significant 4-way interaction between race, sex, treatment, and self-reported stress on weight regain at 30 months (p \ .01; Table 3 ). Post-hoc analyses revealed several significant contrasts (Fig. 4) .
Being a non-Black woman with the highest levels of stress at baseline randomized to the Personal Contact condition was associated with a decreased likelihood of weight regain at 30 months compared to those randomized to both the Interactive Technology (p \ .05) and SelfDirected (p \ .01) conditions. However, there was no difference between conditions among non-Black women at lower levels of stress. Among participants randomized to the Self-Directed condition, Black men with higher perceived stress had a predicted mean weight change that was close to zero, significantly different from that predicted for both non-Black men (p \ .0001) and Black women (p \ .0001) in the Self-Directed condition (Fig. 4a) . In contrast, there was not a significant difference between these 4 groups (i.e., Black men, Black women, non-Black men, non-Black women) at lower levels of stress.
For Black men with higher perceived stress, being in the Self-Directed condition was also associated with a decreased likelihood of weight regain at 30 months compared to Black men in the Interactive Technology condition (p \ .01; Fig. 4b) ; however, this pattern was not observed in these subgroups at the 10th decile. Among non-Black men with higher levels of perceived stress at baseline, being in the Personal Contact condition was associated with an increased likelihood of weight regain at 30 months compared to non-Black men randomized to the SelfDirected condition (p \ .05; Fig. 4c) ; this difference was not present at the 10 th decile. Taken together, it appears that differences between race, sex, and treatment occur among those with higher perceived stress, but not at the lower levels of perceived stress.
Discussion
The Weight Loss Maintenance study was unique because of its size and scope. It was comprised of a large and racially and gender diverse sample, and participants at high risk for cardiovascular disease (e.g., hypertension, Weight change @ 30 mo (kg)
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Non-Black Black Fig. 2 2-way interaction of weight by friends' encouragement for exercise at 12 months dyslipidemia) were targeted rather than excluded. As little previous research has described psychosocial factors related to weight loss maintenance, not much is known about specific factors that might contribute to weight regain. Previous subgroup analyses suggested that the relationships between psychosocial factors and weight loss maintenance in different race/sex subgroups are complex (Svetkey et al., 2012) . Thus, the current analysis attempted to unravel that complexity by taking a more nuanced approach to these relationships. As such, the present study is now one of five to examine and describe psychosocial factors related to success in studies designed specifically to compare weight outcomes in a weight loss maintenance trial. Results identified psychosocial variables (i.e., perceptions of social support, functional and perceived physical health, functional and perceived mental health, and stress) that modestly but significantly predicted participants' ability to maintain weight loss. As hypothesized, participants with higher ratings of functional and perceived mental health assessed just after completing a successful lifestyle weight loss program were more successful at maintaining their weight loss than participants with lower functional and perceived mental health ratings. This association was present in the early months of maintenance (at 12 months), where most regain occurs (Svetkey et al., 2008) , as well as at 30 months of sustained effort to avoid weight regain. Perceived encouragement for eating a healthy diet at baseline was associated with weight regain measured at 30 months of maintenance, but not in the early months of maintenance. This finding appears to run counter to the extant literature which consistently predicts improved health behaviors with higher levels of social support (House et al., 1988) . Perhaps this association resulted from the well-intentioned reactions of friends who perceived participants regaining weight or engaging in eating patterns likely to lead to weight regain. Participants who were clearly on the path to weight regain may have elicited more comments and encouragement for healthy eating from the friends. It is also possible that individuals who perceived higher levels of encouragement from friends at baseline solicited support from friends as they began to regain weight during latter phases of the maintenance phase. Alternatively, the perceived encouragement for eating a healthy diet may have been interpreted as stigmatization by participants. Research has shown that feelings of stigmatization are often accompanied by psychological distress in a variety of health areas (e.g., Halding et al., 2008) , including obesity (e.g., Schvey et al., 2011; Wott & Carels, 2010) , and Friedman et al. (2005) speculate that obesityrelated stigma may lead to body shame among some. Research also suggests that weight stigma may impede individuals' weight loss success (Wott & Carels, 2010) and (Sutin & Terracciano, 2013) , perhaps through increased caloric consumption (Schvey et al., 2011) .
Psychosocial indices interacted with sex, race, and treatment condition, suggesting that psychosocial factors differentially affected participants' weight loss maintenance based on individual characteristics. Overall, nonBlacks showed a stronger association between higher Health-Related Quality of Life indices and better weight maintenance. Further, an interaction with treatment was present, indicating that psychosocial predictors differently affected weight loss maintenance for participants randomized into the three groups. These psychosocial interaction findings may be important in designing future weight loss maintenance programs. In particular, psychosocial indices should be assessed at the outset of engaging in a weight loss maintenance program, and tailoring based on individuals' sex, race, and psychosocial characteristics ought to take place. Further, the interaction of psychosocial indices with the treatment condition may suggest that weight loss maintenance programs should also be tailored to the means by which individuals lost their weight initially. However, further investigation is warranted.
In the current study, Black participants who reported higher perceived friends' encouragement for exercise were more likely to regain weight at 12 months. Perhaps some of the explanations presented above for the unexpected direction of the relationship between perceived encouragement for healthy eating and weight regain also apply for perceived encouragement for exercise. This association of higher perceived encouragement for exercise with greater weight regain was not evident for non-Blacks. Further, when examining interaction effects, race did not interact with perceived exercise encouragement for participants at extremely high or low levels of exercise.
Limitations
This study had several limitations. First, only the participants who were able to lose C 4 kg during Phase I were randomized to complete the weight loss maintenance phase (Phase II). Although this was the primary intention of the study, these results are limited in that they have only been observed in those who successfully lost weight (see Svetkey et al., 2008) . Second, the measures assessing psychosocial factors were self-report measures, which can be unreliable or biased. In addition, it is likely that certain psychosocial characteristics (i.e., perceived stress, receipt of social support) varied over time. Third, although Weight Loss Maintenance participants were the most racially and gender diverse of any previous weight loss maintenance study, the majority of participants were Black and nonLatino White; very few Hispanic and no Asian participants took part in this study, thus limiting the generalizability of the results to other ethnic groups. Despite this limitation, the current study is unique in that specific focus was given to Black participants, as this population continues to be underrepresented in research (Rogers & Lange, 2013) . Because this study included such a large sample of Blacks, these results may be an initial characterization of this population. Lastly, although the interaction models were able to explain some of the variance in weight regain (5.2 % at 12 months and 9.1 % at 30 months), they were unable to account for a large portion. However, this is not surprising due to the complex nature of weight regain. Further exploration into the potential psychosocial variables that may predict weight regain after a weight reduction intervention program should be conducted.
Conclusions
This study demonstrated that psychosocial variables, measured at randomization into Phase II, may predict the likelihood of weight loss maintenance at both 12 and 30 months. Although more research is needed to fully explore this relationship, these initial findings illustrate the importance of a more tailored weight maintenance program at the conclusion of successful weight loss programs, particularly evidenced by the complex interactions. Identification of an individual's most important and modifiable psychosocial predictors of weight loss maintenance will also allow practitioners to better tailor weight loss maintenance programs to an individual's specific needs, whereby increasing the likelihood of long-term weight loss maintenance success.
